When exploring sound quality, often a high correlation between pleasantness and loudness can be observed. However, sometimes it is desirable to know to which extent other sound characteristics than loudness are responsible for a preference evaluation. In this respect multitone sounds with rich perceptual aspects are interesting test sounds. This talk will present a separate determination of preference and loudness by comparing a test sound of interest with a reference sound. Using an adaptive paired comparison the points of subjective equality (PSEs) for preference and loudness between test and reference sound are separately measured -"Which sound is louder?" and "Which sound do you prefer?" -by varying the test sound level in an adaptive staircase manner. The level changes affect both loudness and preference evaluation of the test sound. The results of these experiments are level differences ΔL between the test and the reference sound at which equal preference and equal loudness are reached between them. (Similar procedures have been employed to determine equal loudness contours.) It will be shown, with multitone sounds as examples, how this method reliably differentiates between loudness and preference.
INTRODUCTION
When assessing sound quality in terms of pleasantness / unpleasantness, often high correlation coefficients are found between unpleasantness judgements and level dependent signal parameters, as e.g. the dB(A)-level. If the loudness of sounds under investigation is measured separately, consequently high correlation coefficients can often be observed between the subjective measures of loudness and unpleasantness. But often the other sound characteristics that contribute to the deterioration of sound quality, apart from loudness, are of special interest and it is desirable to know their influence on the unpleasantness judgements of the investigated sounds. Here, a measuring method is presented that allows to discriminate the influence of loudness judgements from the influence of other sound characteristics on the unpleasantness judgements of sounds. To illustrate the relationship between loudness and unpleasantness judgements of sounds figure 1 shows the results of a previous study of the authors on the perceptual space of multi-tone sounds [1] . Shown are mean values of loudness and pleasantness judgments for 15 multi-tone sounds judged on 11-point scales of a semantic differential. The unpleasantness judgments are highly correlated to the loudness judgment with a corelation coefficient of R=0.85*. A clear differentiation between the underlying mechanisms of the loudness and of the pleasantness judgments is not possible based on this results. Similar relationships are also reported in literature for studies on the annoyance and loudness of aircraft flyover noises [2] , community noises [3] [4], environmental sounds [5] , artificial sounds [6] and neutralized sounds ( [7] [8] and personal communication). It is generally found that sounds with a high a-weighted sound pressure level have a higher loudness and are more annoying/less pleasant than sounds with a low SPL.
In addition to the loudness impression, the evaluation of a sound in terms of pleasantness and annoyance is also influenced by the entire sound character and the frame of reference in which it is judged [9] [10] .
The actual method that enables the identification of the contribution of loudness to unpleasantness judgements uses a reference sound with which all sounds to be investigated are compared. The method is based on the monotonic relationship between level changes and loudness as well as unpleasantness alterations. The levels of the test sounds are changed until the loudness and unpleasantness of the test sounds are equal to the loudness and unpleasantness of the reference sound. It is assumed, that the unpleasantness of the test and the reference sounds are equal if both sounds are equally preferred. In separate experiments the points of subjective equality (PSEs) for loudness and for preference are determined as level differences ∆L loudness and ∆L pre f erence compared to a reference sound. With this method the subjective sound character based preference judgment is related to an intensity based objective measure -in this case a level difference compared to a reference sound. The additional measurement of the loudness with the same method then facilitates a quantitative differentiation between the loudness and the preference judgments on the same dB-scale.
METHOD
The points of subjective equality (PSE) for loudness and preference are measured in comparison to a constant reference sound. The measurement of the PSE is based on two assumptions:
1. If a test sound is considerably higher in level than the reference sound, then it will be louder and less preferred.
2. If a test sound is considerably lower in level than the reference sound, then it will be softer and also more preferred.
Between these two extremes there must be one level where the test sound is equally loud (PSE for loudness) and one level where the test sound is equally preferred (PSE for preference) as the reference sound. The resulting level differences between the test and the reference sound are then measures for the loudness (∆L loudness ) and the preference (∆L pre f erence ) of the test sound (see Fig. 2 ).
FIGURE 2:
Exemplary level structure in the paired comparison of test sound and reference sound. The level of the reference is kept constant at 74 dB(A). The level of the test sound needs a certain level difference to be equally loud (∆L loudness ) which is driven by the loudness sensation. The level difference for equal preference including the loudness and the sound character leads to a bigger ∆L pre f erence .
The PSEs for loudness and preference are determined in two seperate experiments. In both cases the level of the test sounds is varied in an adaptive staircase method. The level variations follow a 1-up-1-down rule, converging at the 50 percent point of the psychometric function. The question to the participants is "'Which sound is louder?"' in the loudness task and "'Which sound do you prefer"' in the preference task. In the preference task the level of the test sound is reduced, if the reference sound is preferred and the level of the test sound is increased, if the test sound is preferred. The starting stepwidth is 6 dB and it is halved after each upper reversal point down to a final stepwidth of 1.5 dB. An examplary development of the test sound level depending on the answer of a participant is shown in fig. 3 . In the loudness task the level of the test sound is reduced, if it is louder than the reference sound and increased, if it is softer than the reference sound. The stepwidth is 3 dB at the start of the adaptive procedure, and halved after each upper reversal point down to a final stepwidth of 1.5 dB. The PSEs for preference and loudness are each calculated as mean values over the last 6 reversal points with a stepwidth of 1.5 dB. 
STIMULI
The assessment of preference and loudness are carried out for multi-tone sounds consisting of 460 harmonic and inharmonic partials. The two exemplary stimuli in this paper differ slightly in their fundamental frequencies which leads to different beats and modulations for the two test stimuli. The test stimuli and the reference sound have a duration of one and a half seconds in the loudness task and five seconds for the preference task. The playback level of the test sounds at the beginning of the adaptive paradigm is 74 dB(A). The reference sound is kept constant at a level of 74 dB(A).
RESULTS
The experiments lead to level differences ∆L between the test sound and the reference sound at the point of subjective equality. The ∆L loudness represents the level difference to make the test equally loud as the reference sound and ∆L pre f erence represents the level difference necessary to make the test sound equally preferred as the reference sound. Figure 4 shows exemplary mean results for the preference and the loudness judgments of two stimuli.
Both test sounds have a negative ∆L pre f erence and a negative ∆L loudness meaning that they are less preferred and louder than the reference sound. The ∆L loudness reflects the differences in perceived intensity between the test sound and the reference sound. The mean values for ∆L pre f erence are lower than the ∆L loudness , meaning that the test sounds need an additional attenuation (of ∆L pre f erence -∆L loudness ) to become equally preferred. This additional ∆L can be associated to the differences between the test and the reference sound in the sound character. The error bars reflecting the interindividual standard deviations are smaller for the loudness than for the preference judgments, indicating a higher agreement between the participants in the loudness judgments than in the preference judgments. This is well in line with literature data and might be explained by a lower complexity of the loudness task compared to the preference task [3] .
Reliability of the measurements
The individual results of 47 participants for two stimuli are shown in figure 5 . The results of a repeated measurement (re-test condition) are plotted over the results of the initial measurement (test condition). The loudness judgments show a higher individual reliability than the preference judgments. Nevertheless in both cases significant correlation coefficients between test and re-test data are found.
FIGURE 5:
Results of the preference (a) and the loudness task (b) for two stimuli judged twice in one study. Individual re-test results plotted over the results of the initial test for 47 participants. Significant correlation coefficients between test and re-test results (preference task: R=0.82*, loudness task: R=0.83*) indicating high intra-individual reliability. Figure 6 shows the mean values over the 47 participants for the test and re-test of the two stimuli. The mean values of the loudness task and the preference task are lower in the re-test than in the test condition, meaning that in the re-test condition the sounds are judged slightly louder and less preferred compared to the reference sound. Nevertheless the differences in the judgments between the two multi-tone stimuli remain stable. Relationship between preference and loudness judgments Figure 7 shows the relationship between preference and loudness judgments. Shown are the results for ∆L pre f erence ( fig. 7a ) and ∆L pre f erence -∆L pre f erence ( fig. 7b ) plotted over ∆L loudness for overall 55 stimuli judged by up to 48 participants each. A significant correlation coefficient between the preference judgments ∆L pre f erence and the loudness judgments ∆L loudness of R=0.59* indicates a strong relationship between the loudness and the preference judgments.
Between the loudness independent preference judgments ∆L pre f erence -∆L loudness and the the loudness judgments ∆L loudness the correlation coefficient of R=0.28* is still significant. Nevertheless the shared variance drops from 35 percent down to 8 percent indicating a weaker relationship between the loudness independent preference judgments and the loudness judgments than the preference judgments.
Application of the method on the assessment of spectral differences
The influence of spectral manipulations of a stimulus on the relationship between ∆L pre f erence and ∆L loudness are exemplarily shown in fig. 8 . Plotted are the mean values for the original stimulus one (black square) and three altered versions with an attenuation of the low, the mid and the high frequencies. It can be seen that a reduction of the high frequency content is most preferred and least loud whereas the attenaution of low frequencies has rather no influence on the preference and loudness judgment. The sound with reduced high frequency content can be 5 dB higher in a-weighted level and still be equally preferred as the original stimulus, whereas an increase of 2.5 dB in level allready leads to equal loudness as the original stimulus.
FIGURE 8:
Relationship between preference and loudness judgments for stimulus one. Mean results of the original stimulus and three variations with an attenuation of the low, the mid and the high frequencies. An attenuation of high frequencies is most preferred and least loud. An attenuation of low frequencies has rather no influence on the judged preference and loudness
SUMMARY
A measurement method allowing for a discrimination between the influence of loudness and other sound characteristics on the pleasantness judgment is presented. The points of subjective equality (PSEs) for loudness and preference are determined for multi-tone test sounds in a comparison to one reference sound. The level of the multi-tone test sounds is varied in two separate experiments with an adaptive staircase method converging at the 50 percent point of the psychometric function for loudness and preference. The results of such experiments are level differences between the test sound and the reference sound to be equally loud (∆L loudness ) and to be equally preferred (∆L pre f erence ). The preference and the loudness judgments are significantly correlated to each other with a shared variance of 35 percent. The loudness independent preference judgments (∆L pre f erence -∆Lloudness) only share 8 percent of variance with the loudness judgments ∆L loudness . Thus the described method provides a clear
